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IV  ABSTRACT 

— 

Fluoridation  of  domestic  water  supplies  contributes  a  significant  portion 
of  the  total  fluoride  at  the  head  of  Narragansett  Bay.  Fluoride  and  chlorinity 
measurements  were  made  at  twelve  stations  in  Narragansett  Bay  to  evaluate  their 
use  as  chemical  tracers  in  this  estuarine_environment.  The  ratio  of  fluoride 
to  chlorinity  ranged  from  6.7  to  8.3  x  10“5  mg  F/Cl°/00.  The  observations 
indicate  that  fluoride  mixes  conservatively  along  the  main  axis  of  the  Bay 
and  there  was  not  sufficient  evaporation  or  fluoride  removal  to  be  detected 
in  the  plot  of  fluoride-chlorinity  ratio  versus  l/Cl°/oo. 
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ABSTBACT 


Fluoridation  of  domestic  water  supplies  contributes  a  significant  portion 
of  the  total  fluoride  at  the  head  of  Narragansett  Bay.  Fluoride  and  chlorinity 
measurements  were  made  at  twelve  stations  in  Narragansett  Bay  to  evaluate  their 
use  as  chemical  tracers  in  this  estuarine  environment.  The  ratio  of  fluoride 
to  chlorinity  ranged  from  6.7  to  8.3  x  10”^  mg  ?/Cl°/00.  The  observations 
indicate  that  fluoride  mixes  conservatively  along  the  main  axis  of  the  Bay 
and  there  was  not  sufficient  evaporation  or  fluoride  removal  to  be  detected 
in  the  plot  of  fluoride-chlorinity  ratio  versus  l/Ci°/oo« 


1 


INTRODUCTION 

The  fluoridation  of  domestic  water  supplies  at  the  head  of  Narragansett 
Bay  represents  a  significant  input  of  fluoride  to  the  Bay.  The  Blackstone, 
Providence,  and  Pawtuxet  Rivers  are  the  main  sources  of  fresh  water  in  this 
region  (U.  S.  Geological  Survey,  19&9;  Hess,  1970)  and  these  rivers  contain 
0.2  mg  F/l  (U.  S.  Geological  Survey,  1958).  The  natural  input  of  fluoride  by 
these  sources  is  3.1  g  F/sec  during  July  (the  period  to  be  considered  in 
this  report)  and  is  8.1  g  F/sec  annually.  The  addition  of  fluoridated  water 
(1  mg  F/l)  through  the  domestic  water  supplies  and  sewage  treatment  plants  of 
Cumberland,  East  Providence,  Pawtucket,  Providence,  and  Woonsocket  contributes 
2.9  g  F/sec  throughout  the  year.  Thus,  fluoridation  doubles  the  natural  input 
of  fluoride  at  the  head  of  Narragansett  Bay  during  July  and  amounts  to  36%  of 
the  natural  input  annually. 

Even  though  the  quantities  of  fluoride  added  to  estuarine  waters  by 
fluoridation  can  be  comparable  to  the  natural  input,  this  addition  of  fluoride 
probably  does  not  constitute  a  pollution  threat.  Seawater  contains  1.3  mg  F/l, 
whereas  fluoridated  domestic  water  contains  1  mg  F/l .  Marine  organisms  should 
thus  be  able  to  tolerate  the  fluoride  concentrations  of  fluoridated  waters, 
and  this  level  of  fluoride  is  not  known  to  be  toxic  (Eagers,  19^9;  Moore,  1971). 

The  enrichment  of  fluoride  in  estuaries  by  fluoridation,  and  the  generally 
greater  proportion  of  fluoride  to  other  dissolved  substances  in  fresh  waters  than 
in  seawater,  suggests  that  fluoride  may  be  a  useful  chemical  tracer  of  processes 
in  the  estuarine  environment.  In  the  open  ocean  the  ratio  of  fluoride  to 
chlorinity,  F/Cl°/00,  is  constant  with  only  unusual  exceptions  (Gi'eenhalgh  and 
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Riley,  1963;  Riley,  1965;  Brewer,  Spencer,  and  Wilkniss,  1970;  Bevers,  1971; 
Kester,  1971a).  Chlorinity  is  a  measure  of  the  chloride  (and  bromide)  in 
the  water ,  and  it  is  directly  related  to  the  salinity,  S°/0o.  by 
S°/oo  =  1.80655  Clo/O0  (Riley  and  Chester,  1971).  In  estuaries,  the  P/Cl%>o 
ratio  should  vary  with  the  extent  of  mixing  between  the  seawater  and  fresh 
water.  A  correlation  between  F/Cl0/00  and  l/Cl°/oe  will  reveal  conservative 
nixing  (Fig.  1).  The  depletion  of  fluoride  (e.g. ,  precipitation)  without  the 
loss  of  water  would  transpose  the  points  of  the  conservative  mixing  curve  to 
lower  values  along  the  ordinate  (curve  C  of  Fig.  1).  The  loss  of  water 
(e.g.,  evaporation)  without  the  removal  of  fluoride  would  move  the  points  of 
curve  B  to  lower  values  along  the  abscissa  (curve  A  of  Fig.  1).  In  this  work 
we  have  examined  the  occurrence  of  fluoride  in  Narragansett  Bay  to  test  its 
usefulness  as  a  chemical  tracer  during  the  mixing  of  seawater  and  fresh 
water.  Windom  (1971)  reported  a  study  of  fluoride  in  coastal  waters  of 
Georgia  in  which  the  influence  of  river  runoff  was  detectable  up  to  chlorinities 
of  10-ll°/oo.  The  concentration  of  fluoride  in  Georgia  rivers  was  reported 
as  0.05  to  0.08  ppm  (mg/kg).  He  found  evidence  of  the  removal  of  fluoride 
from  the  estuary  by  sediments. 


METHODS 

Sea  vater  samples  were  collected  from  several  depths  (0,  3,  6,  12,  20  m) 
on  9  July  1971  at  twelve  stations  in  Tfarragansett  Bav  (Fig.  2).  The  sannles 
were  obtained  with  5-liter  Niskin  bottles  at  the  surface  and  within  one  meter 
of  the  bottom  and  with  1,3-liter  Nansen  bottles  at  intermediate  depths. 


FLUORIDE /CHLORINITY  RATIO 


Cl  %0 


Figure  1.  Mixing  curves  for  fresh  and  seawater  showing  evaporation  of  water 
without  loss  of  fluoride  (A),  conservative  wiping  (B) ,  and 
removal  of  fluoride  without  .oss  of  water  (C) . 
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Fluoride  camples  were  stored  in  125  ml  polyethylene  bottles  which  had  been 
washed  with  2  N  HC1  and  soaked  with  filtered  seawater.  Salinity  samples  were 
placed  in  250  ml  class  screw  cap  bottles.  The  samples  were  not  filtered  in 
order  to  detect  both  suspended  and  dissolved  fluoride.  All  analyses  were 
performed  vithin  one  week  of  collection. 

The  fluoride  measurements  were  made  using  the  lanthanum-alizarin  complexone 
method  of  Greenhalgh  and  Riley  (1961).  Standard  fluoride  solutions  (1.1, 

1.3,  and  1.5  me  F/l  as  NaF)  were  measured  with  each  set  of  samples  to  account 
for  any  variation  in  the  reagents  or  the  Beckman  DU-2  spectrophotometer. 

The  fluoride  concentration  was  expressed  p.s  me  of  fluoride  per  kg  of  seawater 
so  that  the  values  and  the  fluoride-chlorinitv  ratios  were  independent  of 
temperature.  The  precision  of  the  analysis  was  1.5*,  based  on  two  standard 
deviations  of  day-to-day  replicate  determinations  (Kester,  1971b). 

Chlorinity  and  salinity  were  based  on  measurements  cf  the  conductivity 
ratio  to  Copenhagen  Standard  Sea  Water  using  an  inductive  salinometer  and 
the  International  Oceanographic  Tables  (UNESCO,  1966). 


RESULTS  AND  DISCUSSION 

Some  of  the  -physical  aspects  of  Narragansett  Bay  have  been  summarized 
by  Hicks  (1959)  and  Hess  (1970).  The  primary  source  of  fresh  water  to 
Narragansett  Bay  during  the  summer  is  in  the  vicinity  of  the  Providence 
River.  The  salinity  at  station  12  was  remarkably  uniform  with  depth 
(29.30°/oo  at  the  surface,  29.7l*°/oo  within  one  meter  of  the  bottom),  while 
a  lar/rer  gradient  occurred  at  station  6  (28.83°/oo  at  the  surface,  30.  63°/ 00 
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near  the  bottom).  This  observation  along  with  the  salinity  data  at  the  other 
stations  indicates  that  during  our  period  of  observation  the  stratified  low 
salinity  water  flowed  from  the  Providence  River  to  the  East  Passage.  Anv 
flow  of  low  salinity  water  oast  station  12  was  accompanied  bv  vertical  mixing, 
probably  by  tidal  action,  within  the  narrow  constriction.  Haight  (1938) 
reported  currents  of  up  to  one  knot  at  this  location.  Similar  observations 
at  station  8  (29.^0°/oo  at  the  surface,  30.20°/oo  at  the  bottom)  indicate  any 
low  salinity  flow  from  Mount  Hope  Bay  is  associated  with  strong  vertical 
mixing  before  it  reaches  the  East  Passage.  Thus,  in  the  examination  of  fluoride 
as  a  chemical  tracer  in  the  Bay,  it  is  most  useful  to  consider  stations  1-7. 

The  distribution  of  salinity  from  stations  l  to  7  is  shown  in  Fig.  3. 
Typical  estuarine  flow  is  evident  with  water  from  Rhode  Island  Sound  wedged 
beneath  the  lover  salinity  water  of  the  Providence  River.  The  low  salinity 
contribution,  and  hence  the  greatest  mixing  effects,  occur  primarily  in  the 
upper  six  meters  at  these  stations.  The  fluoride-chlorinity  ratio  is  shown 
versus  l/Cl°/00  for  these  vaters  in  Fig.  h .  The  less  saline  waters  are 
clearly  enriched  with  fluoride  relative  to  chloride,  which  may  result  from 
either  the  input  of  fluoridated  domestic  waters  or  fluoride  rich  natural 
waters.  Most  of  the  data  fall  within  the  95 confidence  limits  of  a  least 
squares  linear  regression,  and  there  appears  to  be  no  significant  curvature 
which  would  result  from  evaporation  or  fluoride  removal.  Points  A  and  B  show 
the  greatest  departure  from  the  overall  trend.  These  data  are  from  0  and  3  a 
at  station  5.  A  plot  of  fluoride  concentration  versus  salinity  (Fig.  5) 
reveals  that  these  samples  contain  approximately  more  fluoride  than  the 
other  samples ,  and  hence  they  are  anomalous  due  to  their  fluoride  content  and 
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STATION 


Salinity  distribution  in  the  Providence  River  and  East  Passage 
of  Narragansett  Bay,  9  July  197i; 


SALINITY  (%o) 

30  28  26 


5.8  6.2  6.6  7.0 


I  X  I0e 

Cl  %0 

Figure  4.  Fluoride  chlorinity  ratio  versus  inverse  chlorinity  in  Narragansett 
Bay.  Points  A  and  B  are  from  0  and  3  m  at  station  5,  9  July  1971. 
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:not  due  to  their  chlorinity.  We  have  not  been  able  to  identify  a  source  of 
this  excess  fluoride. 

One  remarkable  feature  about  the  fluoride  distribution  is  that  even 
though  the  fresh  water  input  reduces  the  salinity  of  the  incoming  seawater  by 
20?',  the  fluoride  concentration  varies  by  less  than  2%  (except  for  0  and  3  m 
at  station  5)*  The  fluoride  content  of  the  fresh  water,  therefore,  is 
comparable  to  that  of  the  seawater  (approximately  1  mg/1)  which  is  typical  of 
fluoridated,  rather  than  natural,  fresh  water.  The  observations  of  the 
fluoride-chlorinity  ratio  in  Narragansett  Bay  indicate  that  fluoride  mixes 
conservatively  along  the  main  axis  of  the  Bay  and  there  was  not  sufficient 
evaporation  or  fluoride  removal  during  the  early  part  of  July  1971  to  be 
detected  in  the  pl~c  of  fluoride-chldrinity  ratio  versus  1/Cl°/O0 . 
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Fluoride  and  Fluoride  Chlorinity  Ratios  in  Narragansett  Bay 


- 

V  J 1  .  1 

Station 

Depth 

m 

F 

mg/kg 

Salinity 
o.-/- 
/  00 

F/Cl 

x  105  g/kg  -  .ci°/0O 

1 

0 

1.12 

25.32 

7.95 

3 

1.13 

25.1*6 

8.02 

6 

l.lU 

26.17 

7.83 

12 

1.12 

29  M 

6.85 

2 

0 

1.1 6 

25.21* 

8.23 

3 

1.15 

25.59 

8.13 

6 

1.15 

28.76 

7.20 

12 

1.16 

29.60 

7.07 

3 

0 

1.15 

25.1*8 

8.16 

3 

1.15 

27.68 

7.52 

6' 

1.13 

29.26 

6.99 

12 

1.15 

29.65 

6.99 

1* 

0 

1.12 

26.55 

7.61 

3 

1.13 

27.95 

7.33 

6 

1.16 

28.70 

7.29 

12 

1.15 

29.98 

6.9I* 

5 

0 

1.18 

27.13 

7.85 

3 

1.19 

28.99 

7.1*1 

6 

1.16 

29.53 

7.10 

12 

1.15 

30.18 

6.86 

6 

0 

1.13 

28.83 

7.06 

3 

1.13 

28.82 

7.07 

■6 

l.lU 

30.13 

6.81 

12 

l.lU 

30.63 

6.75 

7 

0 

1.15 

29.90 

6.9I* 

3 

1.15 

30.06 

6.9!* 

6 

1.15 

30.70 

6.79 

12 

1.16 

30.88 

6.78 

20 

1.17 

31.09 

6.79 

28 

1.17 

31.28 

6.75 

8 

0 

1.12 

29.1*0 

6.89 

3 

1.13 

29.1*2 

6.92 

6 

1.12 

29.53 

6.88 

12 

1.12 

29.90 

6.76 

23 

1.12 

30.20 

6.71 
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TARL.9  1  (Continued) 


Station  Depth  F  Salinity  F/Cl 

m  mff/kf;  °  1  oo  x  10  rjkir.  -  Cl°/ OQ 


9 

0 

1.15 

29.98 

6.9k 

1.15 

6.06 

7 

l.l6 

30.67 

6.86 

10 

0 

1.15 

29.96 

6.95 

3 

1.15 

29.95 

6.93 

6 

1.16 

30.  k7 

6.87 

11 

0 

1 .16 

20.7k 

7.03 

1.15 

29.79 

7.00 

6 

l  .16 

30.06 

6.97 

7 

1.15 

30.53 

6.03 

12 

0 

1.16 

29.30 

7.12 

1.16 

29.36 

7.12 

6 

1.15 

29.58 

7.03 

12 

1.16 

29.7^ 

7.06 

21 

1.16 

29.83 

7.03 
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